INTRODUCTION

UVOD
Sycamore maple (Acer pseudoplatanus L.) is native mainly to the mountainous regions of Southern, South-Western, Western, Central and Eastern Europe with the extreme easterly limit at the Caspian Sea (Krabel and Wolf, 2013). It grows at 300 to 2000 meters above sea level (Spethmann and Namvar, 1985) and it grows almost always together with beech. In many parts of Europe, sycamore maple is considered invasive and exotic species, therefore causing some debate among forest breeders and conservators. Some of them believe that sycamore maple should be eradicated in areas where it threatens the ancient indigenous forests (Rusanen and Myking, 2003) . Others speak of great economic value and potential of reforestation with sycamore maple as it is considered as hardwood species whose value grows in Central Europe (Kleinschmit et al., 2009 ).
In Europe, 1.7 % of the total annual cuttings consist of sycamore maple. Approximately 0.8 % of forests in Croatia are covered with sycamore maple (Hrvatske šume, 2014). Researchers claim that the future share of ash, sycamore maple and wild cherry in Europe will double; therefore, the future share of sycamore maple harvest could increase remarkably (Thies et al., 2009 ). These three species currently cover 4.1 % of the European forests, and in future they are expected to reach up to 8.9 % and for German speaking countries 12.1 % (Thies et al., 2009 ). According to Kölling and Zimmermann (2007) and Kölling (2007) , sycamore maple is considered a well adapted species to current and also to predicted future climate conditions in Central Europe. Due to its highly valuable timber, short generation turnover and fairly regular seed set, sycamore maple may increase in importance economically, which may encourage breeders to embark on more breeding programs (Rusanen and Myking, 2003) .
Available information on physical properties of sycamore maple wood and on their radial variations is modest, and there is no science based information on many important technical properties of sycamore maple wood. Growing quantities of sycamore maple expected in the near future, along with the lack of scientifi cally based, confi rmed and tested information on the properties of sycamore maple wood and on their radial variation, have all led to the present research. This paper describes research on physical properties and variation in their distribution from pith to bark in sycamore maple wood from Medvednica region. Mountain Medvednica represents natural habitat with mild continental climate, where sycamore maple grows together with beech, regionally characteristic community AceriFraxinetum croaticum Horvat (Vukelić, 1998) .
The aim of the study was to investigate variations in properties of sycamore maple wood in radial direction, to determine the border between juvenile and mature wood and to compare them with analogous variations in beech wood. This is partly necessary due to insuffi cient data on maple wood properties, partly due to habitat shared with beech and partly due to their similar diffuse porous wood structure.
MATERIALS AND METHODS
MATERIJALI I METODE
For the purpose of this research, the location of Mount Medvednica, specifi cally its northern slope was selected. This area is part of the "Training and Forest Research Centre Zagreb", managed by the Faculty of Forestry in Zagreb. Mountain Medvednica represents a natural habitat with mild continental climate, where sycamore maple grows together with beech.
Five representative sycamore maple trees from different diameter classes were selected using the method of random sampling. The test trees were chosen as representative of the stand according to ISO 3129:1999. After cutting down the tree, a test log of 1 m in length was sawn from each test tree. The measurement of the test log length started at breast height (1.3 m), upwards to the crown. Afterwards, these 1 m long trunks were sawn into 'bark to bark' cores, approximately 6 cm thick. One core was oriented north-tosouth, and the other east-to-west ( Figure 1 ). Cores were then submitted to natural drying. After the cores had dried to a water content of about 12 %, parts of the cores, which were in the area of the breast height (1.3 m), were sawn out into rectangular samples of 20 mm × 20 mm × 25 mm. The samples were sawn in radial direction from pith to bark and labelled with markers 
RESULTS AND DISCUSSION
REZULTATI I RASPRAVA
Analysing data of investigated physical properties of sycamore maple wood and their distribution in radial direction, it could be assumed that there is a transitional area of juvenile wood to mature wood (Govorčin, 1996; Zobel and van Buijtenen, 1989) , from around 30th to 40th annual ring. For the purpose of statistical analysis, the 30th annual ring is taken as a boundary between the zones of juvenile and mature wood.
Annual ring width has a higher average value in the zone from the 1st to the 30th annual ring ( Table 1) . The difference in average values of annual ring width in two investigated zones is statistically signifi cant (Table 2). Such arrangement of annual ring width agrees with the conclusions of Petrić and Bađun (1985) and Senft (1986) , who state that annual rings are usually much wider in juvenile wood than in mature wood. They also concluded that annual ring width, under normal growth conditions, decreases from pith to bark. Figure 2 shows that the annual ring width in tested sycamore trees had a growing trend in the area of 30th-40th annual ring, and then decreased towards the bark. On the contrary, Govorčin (1996) recorded that the average annual ring width in juvenile beech wood is narrower than the one in mature wood.
The average values of density in absolutely dry condition, maximum density and nominal density of 
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Aritmetička sredina sycamore maple wood in the zone from the 1st to the 30th annual ring are higher than those in the zone from the 31st to the 77th annual ring. Statistical comparison of density values of these two zones in sycamore maple wood shows signifi cant differences. According to Panshin and de Zeeuw (1980), beech wood belongs to a group of species whose wood density decreases from pith to bark. Horvat (1969) and Govorčin (1996) found that density of beech wood near the pith is slightly larger than that near the bark. According to these fi ndings and the research results shown in Table 1 and Figures 3, 4 , and 5, sycamore maple wood could even be classifi ed in the same category as beech wood, regarding wood density. The average value of total longitudinal shrinkage of investigated sycamore maple wood in the zone from the 1st to the 30th annual ring is higher than in the zone from the 31st to the 77th annual ring, although the difference is not statistically signifi cant. Figure 6 shows a high variability of data in radial direction, although this variability is less pronounced from about the 30th annual ring to the bark. Different authors report that longitudinal shrinkage of juvenile wood is 5 to 10 times higher (Timell, 1986; Ayrilmis, 2008) . Petrić (1986) stated, based on his research on the anatomy of common beech (Fagus sylvatica L.), that juvenile wood should have a greater longitudinal shrinkage than mature wood.
The average value of total radial shrinkage in the zone from the 1st to the 30th annual ring is also higher than in the zone from the 31st to the 77th annual ring. The difference is statistically signifi cant. Figure 7 shows a trend of decrease of total radial shrinkage in the zone from the pith to approximately 30th to 40th annual ring, and then a tendency of mild decrease or stagnation to the bark. According to Govorčin (1996) , radial shrinkage of beech wood is 17 % higher in juvenile wood than in mature wood. On the contrary, according to Timell (1986) , radial and tangential shrinkage of juvenile wood should be lower than that of mature wood.
The average value of total tangential shrinkage in the zone from the 1st to the 30th annual ring is lower than in the zone from the 31st to the 77th annual ring, although this difference is not statistically signifi cant. Figure 8 does not show any difference in total tangential shrinkage from pith to bark. This is in accordance with Govorčin (1996) , who also found no difference between mean values of tangential shrinkage in juvenile and mature beech wood.
The average value of total volumetric shrinkage of sycamore maple wood in the zone from the 1st to the 30th annual ring is higher than that in the zone from the 31st to the 77th annual ring. The difference is statistically signifi cant. Such ratio agrees with Brown et al. (1949) , Horvat (1976) and Panshin and de Zeeuw (1980) , who state that volumetric shrinkage increases with wood density. Figure 9 shows a high variability of data in radial direction, although this variability is less y = 1E -06x 4 pronounced from about 30th annual ring to the bark. According to the research of Govorčin (1996) , volumetric shrinkage of juvenile wood is slightly larger than that of mature wood.
The average value of maximum moisture content in the zone from the 1st to the 30th annual ring is lower than in the zone from the 31st to the 77th annual ring. The difference is statistically signifi cant. This is in agreement with earlier research of Krpan (1956) and Horvat (1976) . They stated that moisture content in beech wood in radial direction gradually increases from pith to bark, and that differences in moisture content of the central part and the part of the tree near the bark are not great. There is no difference in maximum moisture content from pith to bark ( Figure 10 ). 
CONCLUSIONS 4. ZAKLJUČAK
Approximately at the 30th annual ring from the pith, change in the following properties occurs: annual ring width, density in absolutely dry condition, density at maximum moisture content, nominal density, radial and volumetric shrinkage and maximum moisture content of wood.
In the cross section of sycamore maple trunk, there are two areas that differ in some studied physical properties. According to data, there is no clear distinction, although two groups show statistically signifi cant differences. The fi rst zone spreads from the pith to about 30th annual ring, while the other continues in the direction of the radius until the bark. Sharp boundary between the zones of juvenile and mature wood could not be determined, but transitional zone appears roughly from the 30th to the 40th annual ring from the pith.
Juvenile wood zone is recognizable by greater variability in values of studied physical properties and generally more rapid changes in property trends. Mature wood zone is characterized by less pronounced changes or even stagnation of the studied properties in comparison to juvenile wood. Wood processing prefers high annual growth rate and uniformity in technical properties of material. For better prediction of wood quality of sycamore maple, investigation of anatomical and mechanical properties should be carried out.
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